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Abstract 
44 isolated ancient woods (9,3-8579 ha) in southeastern Lower Saxony (northwestern Germany), where 
the Tertiary hilly country meets the Pleistocene plain, were investigated. Complete lists of 273 vascular 
plant species howing amore or less strong preference for woodlands were made for each wood including 
all the species of the groups Querco-Fagetea, Trifolio-Geranietea, Galio-Calystegietalia (selection of species) 
and Epilobietea. The majority of character species of woods show either a low or a high frequency, whereas 
fewer ones have medium frequencies. Most of the rarer species have their main occurrence in the larger 
woods. The number of species of all of the four groups increases with area of the wood and the correlation 
between the number of species and the log of area is related by a highly significant linear regression. 
Comparison of a single wood with two smaller woods of the same total area reveals that the two smaller 
woods on average have the greater number of wood species. Considering this and the fact that the rarer 
species have their main occurrence inthe larger woods, when discussing questions of nature conservation 
a simple comparison of number of species and area is problematical. 
Introduction 
The relation between umber of species and area 
has interested ecologists since the beginning of the 
century (Arrhenius 1921, 1923, Connor & McCoy 
1979). It has been discussed in terms of island 
biogeography (MacArthur & Wilson 1967) and 
more recently, in respect o nature conservation 
(Higgs & Usher 1980, Higgs 1981, van der Maarel 
1981, Soul6 & Simberloff 1986). Considering 
landscape islands as one type of 'island situation', 
as defined by van der Maarel (1988), forests lying 
isolated in an agricultural landscape are of great 
interest. Species-area relationships based on data 
of woodland islands are discussed among others 
by Levenson (1981), Scanlan (1981), Peterken &
Game (1984), Harris (1984), Dzwonko & Loster 
(1988, 1989) and Dzwonko (1989). 
The number and frequency (rarity) of all species 
showing habitat preference for woodlands were 
investigated in 44 isolated ancient woods in 
southeastern Lower Saxony (northwestern Ger- 
many) (Zacharias & Brandes 1989). Becher & 
Brandes (1985) compared ancient and recent 
woods within the political borders of the city of 
Braunschweig. Janl3en & Brandes (1984) have 
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discussed the species-area relation for Lower 
Saxony on the basis of complete lists of vascular 
plant species for particular areas. Based on dot- 
grid-maps of vascular plants Haeupler (1974) has 
analysed floristical data statistically for southern 
Lower Saxony. 
Study area 
44 isolated woods (9,3-8579ha) in the agri- 
cultural landscape which surrounds the city of 
Braunschweig (northwestern Germany) were 
investigated (Fig. 1, 2). They are situated in a 
50 × 50 km 2 area where the Tertiary hilly country 
meets the Pleistocene plain (80-320 m above sea 
level). The area consists of Mesozoic deposits 
often covered with loess. Climatic conditions 
show the region to be under subatlantic and sub- 
continental influence: the range of mean annual 
temperature of the region is 8.2-8.6 ° C, the range 
of mean annual variations in air-temperature is 
V 
Fig. I. Location of the investigation area. 
16.8-17.4 °C and the range of mean annual 
precipitation is 600-800 mm (GOrges 1969). 
Historical cartographic data (dating back to the 
middle of the 18th century) show all the investi- 
gated woodlands to be of ancient origin. The 
smallest one is situated within the city limits and 
is badly damaged as a result. The present shape 
of most of them does not differ from their shape 
of about 200 years ago. 
Zonal vegetation is dominated by beech (Fagus 
sylvatica) whereas in azonal vegetation oak- 
hornbeam forests with Quercus robur, Qu. petraea, 
Carpinus betulus and other tree species are pre- 
dominant. In addition oak-hornbeam forests are 
supported by anthropogenic factors. The most 
important zonal types of woodland communities 
are 1)Galio odorati-Fagetum H. May 1964 em. 
(mesophilic conditions), 2)Hordelymo-Fagetum 
Kuhn 1937 (basiphilic onditions) and 3) Luzulo- 
Fagetum Meusel 1937 (acidophilic onditions). 
Covering smaller areas Carici-Fagetum Moor 
1952 can be found on calcareous soils on more or 
less steep south facing slopes. An important com- 
munity of azonal vegetation of the order of 
Fagetalia Pawl. 1928 is the Stellario-Carpinetum 
Oberd. 1957 occuring under wet conditions. 
Along streams the Carici remotae-Fraxinetum 
Koch 1926 ex. Fab. 1936 grows. Through 
anthropogenic influence Hordelymo-Fagetum and
Carici-Fagetum have been replaced in some areas 
by oak-hornbeam forests of a floristical com- 
position similar to the Galio-Carpinetum Oberd. 
1957. 
Methods 
The distribution of all species howing a more or 
less strong preference for woodlands was regis- 
tered. Their presence or absence in the 44 woods 
(nearly the whole wooded area in the region) was 
determined. Over a period of three years each 
wood was visited on at least three occasions. 
Special feature, such as margins and streams, 
were included. Complete lists of four selected 
groups of vascular plant species were made for 
each wood (Table 1). 
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Fig. 2. The 44 isolated woods in the investigation area. 
Table 1. Investigated groups of vascular plants. 
Group of character 
species of class 
or order 
Habitat preference Number 
of 
species 
Querco-Fagetea Wood 172 
Trifolio-Geranietea Thermophilous skirts 55 
of the woods 
Galio-Calystegietalia Nitrophilous kirts 27 
(selection of species) of the woods 
Epilobietea Cleared woodland 19 
Woodland s.l. 273 
using linear regression. The significance of dif- 
ferences between two population regression 
coefficients was tested by comparing the two 
slopes (Zar 1984). The number of species in rela- 
tion to area for a number of single woods was 
compared with the data from a number of paired 
woods. The combined ata were made up by 
adding the areas and the different species present 
for 44 randomly selected subsets of two woods. 
The frequency and the relationship between 
wooded area and species frequency is analysed 
taking into consideration only the data of the 
wood species of the class Quereo-Fagetea. 
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Fig. 3. Frequency of character species of woods based on presence/absence data. 
Results 
The majority of character species of woods show 
either a low or a high frequency, whereas fewer 
have medium frequencies (Fig. 3). The highest 
amount of species occurs in just one or two 
woods. Only five wood species could be found in 
all 44 woods. These are the two trees Fagus 
sylvatica nd Carpinus betulus and the three herbs 
Anemone nemorosa, Rumex sanguineus and 
Stachys ylvatica (Fig. 4). The rarer species have 
their main occurence in the larger woods (Fig. 4). 
The number of species for all groups increases 
with area and the relationship between umber of 
species and log of area is related by a highly 
significant linear regression (Table 2). The num- 
ber of Querco-Fagetea species and area show the 
closest correlation. The log species-log area model 
also indicades a significant correlation, although 
not as strikingly as does the species-log area 
model. 
Species-log area data of series of single woods 
Table 2. Species (S) - area(A) regressions for the investigated groups of vascular plant species. 
Group of character Habitat preference S = c + z log A 
species of class 
or order c Z r 
Querco-Fagetea Wood 13.77 30.22 
Trifolio-Geranietea Thermophilous skirts - 10.35 9.69 
of the woods 
Galio-Calystegietalia Nitrophilous kirts 9.55 3.74 
(selection of species) of the woods 
Epilobietea Cleared woodland 2.82 3.53 











Fagus sy lvat ica 
Rumex sanguineus 
Stachys sy lvat ica 
Brachypodium sy lvat icum 
Poa nemoral is  
Frax inus excels ior  
Carex sy lvat ica 
Hedera he l ix  
Lon icera  per ic lymenum 
Dactyl is  g lomerata 
Euonymus europaeus 
Festuca g igantea 
Rubus frut icosus agg. 
Ste l lar ia  ho lostea 
Mi l ium ef fusum 
Ranunculus  f icar ia 
Crataegus laevigata 
Quercus robur 
Scrophular ia  nodosa 
Athyr ium f i l ix - femina 
C i rcaea lutat iana 
Po lygonatum mul t i f lo rum 
Cory lus avel lana 
Acer pseudoplatanus 
Sorbus aucupar ia 
Conval lar ia  majal is  
Lamiast rum ga leobdolon 
Oxal is  acetosel la  
Betula pendula 
GaXium odoratum 
Vio la  re ichenbachiana 
Campanula t rachel ium 
Prunus avium 
V iburnum opulus 
Ga l ium syXvat icum 
Maianthemum bi fo l ium 
Acer campestre 
Prunus spinosa 
Mel ica  uni f lora 
Pr imula elat ior  
Luzula p i losa 
Cratapgus monogyna 
Ranunculus  aur icomus agg. 
Vio la r iv in iana 
Carex remota 
Dryopter is  carthus iana 
Avenel la  f lexuosa 
Ribes uva-cr ispa 




Pu lmonar ia  obscura 
Alnus g lut inosa 
Populus tremula 
Adoxa moschate l l ina  
Ranunculus  lanuginosus 
Lonicera xyXosteum 
Frangula alnus 
H ierac ium sy lvat icum 
Quercus petraea 
Anemone ranunculo ides 
Ulmus glabra 
Carex p i lu l i fera  
Impat iens no l i - tangere 
Acer p latanoides 
Dryopter is  f i l ix -mas 
Ribes rubrum 
Sanicula europaea 
Dryopter is  d i latata 
Phyteuma spicatum 
Mercur ia l i s  perennis  
Gagea lutea 
Mel ica nutans 
Rhamnus cathart icus 
Corydal is  cava 
A l l ium urs inum 
Paris quadr i fo l ia  
5 igustrum vulgate 
L i l ium martagon 
Myosot is  sy lvat ica 
L istera ovata 
Lathyrus vernus 
Prunus padus 
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Fig. 4. The relationship between wooded area and species frequency of character species of woods. 
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spec ies  
the 44  woods  in order  
of increas ing area  
smal~ lest ~ larges~ 
Humulus lupulus 
Gagea spathacea 
Hepatica nohil is 
Leucojum vernum 
Epipactis hel lebor ine agg. 
Potenti l la ateri l is 
Bromus benekenii  
Daphne mezereum 
Malus sylvestr is 
Luzula luzuloides 
Pinus sylvestr is 
Hordelymus europaeus 
Neott ia nidus-avis 
Clematis vitalba 
Rosa corymbifera 
Sorbus torminal is 
Vaccln ium myrt i l lus 
Pter id ium aqui l inum 
Lathraea squamaria 
Aconitum vulpar ia 
Orchis mascula 
Viola mirabi l is  
Vinca minor 
Chrysosplenium al tern i fo l ium 
Equisetum sylvat icum 
Gymnocarpium dryopteris 
Calamagrost is  arundinacea 
Ti l ia platyphyl los 
Orchis purpurea 
Stel lar ia nemorum 
Festuca heterophyl la 
Aqui legia vulgaris 
Carex digitata 
Hyper icum montanum 
Cephalanthera damasonium 
Festuca alt issima 
Rosa rubiginosa 









Chrysosplenium opposi t i fo l ium 
Carex brizoides 




Ilex aquifol ium 
Thelypter is  l imbosperma 
Hel leborus vir idis 
P latanthera chlorantha 
Orthi l ia secunda 
Carex montana 
Carex str igosa 












Hyper icum pulchrum 
Epipactis atrorubens 
Polypodium vulgare 
Polygonatum vert ic i l latum 
Platanthera bifol ia 
Rosa arvensis 
Rosa el l ipt ica 
Campanula lat i fol ia 
Gagea minima 
Mel i t t is  mel issophyl lum 
Potenti l la alba 
Omphalodes scorpioides 
Carex umbrosa 
Epipogium aphyl lum 
Circaea alpina 
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Fig. 5. Comparison of the relationship between umber of character species of woods and area between series of single woods 
and for series of random pairs of woods. 
and series of paired woods are shown in Fig. 5. 
Linear regression for the single woods is given in 
Table 2. For the series of two woods it is 
S = 27.54 + 29.26 A (r = 0.88, p < 0.001). Com- 
parision of the two regression lines show signi- 
ficant differences in their slope (t= 2.14, 
p < 0.05, n = 81). More species are expected to 
be found in two smaller woodland islands than in 
a single large one of the same total area. 
Discussion 
The floristic data reveals considerable variation 
among the 44 woods, each wood having its own 
particular flora. The localities of some species 
have been known since 1652 (Chemnitius 1652, 
Brandes 1984) e.g. the recently very rare Melittis 
melissophyllum and Potentilla alba, others have 
disappeared in recent years. Many of the species 
registered by us have been found to show a prefer- 
ence for ancient woods in other regions of Europe 
(Hermy & Stieperaere 1981, Peterken 1981, 
Peterken & Game 1984, Kubikova 1987, 
Dzwonko & Loster 1988, Dzwonko 1989). All of 
the 44 woods show a higher number of wood 
species that one would expect o find in recent 
woods (Peterken & Game 1984, Becher & 
Brandes 1985, Dzwonko & Loster 1988, 
Dzwonko 1989, Hermy 1989). We found cor- 
responding to the results of Dzwonko & Loster 
(1989) a frequency distribution with the rare 
species forming the highest peak and the medium 
frequencies lying in a trough for wood species in 
woodland islands. The same type of frequency 
distribution has been found analysing complete 
species lists of 14 isolated plots in forest meadows 
(Zacharias, Janl3en & Brandes 1988). Many of the 
rarer species having their main occurrence in the 
larger woods are near the edge of their geo- 
graphical range e.g. Cephalanthera damasonium, 
Epipactis microphylla, E. purpurata, Buglossoides 
purpurocaerulea, Hypericum montanum and Viola 
mirabilis (Haeupler & SchOnfelder 1988). 
Deshaye & Morisset (1989) found that on real 
islands of the Hybrides Archipelago ccasional 
and rare species mostly occured only on large 
islands. In woodlands of the Western Carpathian 
foothills 20 of the 56 rare species occur only in the 
large woods (Dzwonko & Loster 1989), whereas 
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Simberloff& Gotelli (1984) and Game & Peterken 
(1984) found no species to be confined to large 
woods. 
Using the species-log area model a significant 
linear regression between the species number and 
the log of area for a wide range of wood areas 
(0.008-8579ha) was obtained (Table2 and 
Fig. 5, Peterken & Game 1984, Dzwonko & 
Loster 1988). Taking into consideration only the 
woody plant species Levenson (1981) was able to 
show that if disturbance or other factors become 
very important the species-area relationship 
ceases to be capable of predicting the number of 
species as a function of woodland size. 
Deshaye & Morisset (1989), discussing the 
SLOSS effect (Single Large Or Several Small 
reserves), showed that on real islands in the 
Hybrides Archipelago there are more species on 
a single large island than on several small ones of 
the same total area (if that area is smaller than 
12 ha). But in fact one can also find more species 
on two small islands than on a single large one of 
the same area (Simberloff& Abele 1976, Higgs & 
Usher 1980, Higgs 1981). Looking upon 
woodland islands several authors found cor- 
responding results: e.g. J~'vinen (1982), Game & 
Peterken (1984), Simberloff & Gotelli (1984), 
Dzwonko & Loster (1989). Our results show that 
Cole's (1981) major conclusion that large refuges 
will preserve more species than a series of smaller 
ones with the same area, is not true in the case of 
wood species in isolated woods considered as a 
type of landscape island. 
For nature conservation it is important to know 
whether eserves hould be large or small. Dis- 
cussing reserve selection strategies Game & 
Peterken (1984) focus on this question using 
woodlands of Central Lincolnshire, England as 
an example. We have shown that there are more 
species to be expected in two smaller woods than 
in a single one with the same area, while on the 
other hand, rarer species have their main occur- 
rence in the larger woods. This makes clear that 
a simple comparison of number of species and 
area is not useful when discussing questions of 
nature conservation. It is also important to con- 
sider particular species, especially their habitat 
preference and rarity, as Becher & Brandes (1985) 
and Soul6 & Simberloff (1986) have already 
pointed out. 
Employing the record of the 'floristical status 
quo' it will become possible to answer the follow- 
ing questions: 1) is there an interchange of species 
between woodland islands? and 2)what can we 
say about constancy of number of woodland 
species in relation to area in the course of time? 
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